Plant biodiversity patterns were analyzed in seven temperate forest types [Populus deltoides (PD), Juglans regia, Cedrus deodara, Pinus wallichiana, mixed coniferous, Abies pindrow (AP) and Betula utilis (BU)] of Kashmir Himalaya. A total of 177 plant species (158 genera, 66 families) were recorded. Most of the species are herbs (82.5%), while shrubs account for 9.6% and trees represent 7.9%. Species richness ranged 
Introduction
The Himalayas are one of the youngest and richest ecosystems on earth with a variety of species and forest types due to the varying altitude, topographic, and climatic conditions (Mani 1978) . The Himalayas cover about 12.84% of the total geographical area of India (Negi 2009 ). Himalayan forests are considered to be among the world's most depleted forests (Schickhoff 1995) . Himalaya is recognized as one of the hotspots of biodiversity and harbors nearly 8,000 species of flowering plants, of which 25.3% are endemic (Singh and Hajra 1996) . In the past 3 decades, there has been 23% loss of forest cover in western Himalayas (Anonymous 2005) . Himalayas are complex and dynamic ecosystems that provide different ecosystem services .
Species composition, community structure, and function are the most important ecological attributes of forest ecosystems, which show variations in response to environmental, as well as anthropogenic variables (Gairola et al 2008; Shaheen et al 2012; Bisht and Bhat 2013) . A complex of factors viz. vegetation type, slope, aspect, edaphic factors, and altitude (Sharma et al 2009 (Sharma et al , 2010a Gairola et al 2011a) determines the community composition, structure, and distribution pattern of diversity in mountain vegetation (Kessler 2001; Schmidt et al 2006) . One important factor in mountain ecosystems is elevation (McVicar and Korner 2012) , which has a strong influence on the structure of the vegetation in most mountains in the world (Zhang et al 2006) . Changes in species diversity along elevational gradient have been the subject of numerous studies (Lomolino 2001; Fetene et al 2006) , most of them found a hump shaped distribution, showing peak species diversity near the middle of the gradient (Austrheim 2002; Zhang and Ru 2010) . The plant community structure and distribution pattern of Himalayan forests are poorly understood (Peer et al 2007) . Western Himalaya not only supports huge floristic diversity (Sharma et al 2010b) , but also stores large carbon stocks (Sharma et al 2010b; Sundarapandian 2015a, 2015b) .
Kashmir Himalaya is located in the extreme northwest of the Himalayan biodiversity hotspot, and harbors a rich floristic diversity of immense scientific interest and supports about 12% of the country's total angiosperm flora and 3% of its endemics, while the region represents only 0.4% of the total geographical area of India (Dar et al 2012) . North-western Himalaya represents a unique bioregion owing primarily to its varied topography and habitat heterogeneity along a wide elevational range.
Several workers have also presented quantitative phytosociological work from different areas of Kashmir (Blatter 1928e1929; Dar and Kachroo 1982; Singh and Kachroo 1983; Ara et al 1995; Dar et al 1995 Dar et al , 2002 Khuroo et al 2004) . However, there is a paucity of quantitative information on different forest types of temperate forests of Kashmir Himalaya. Hence the present study aimed to assess the variation in vegetation structure and floristic diversity of seven major forest types of temperate forests of Kashmir Himalaya, India, which are expected to provide current status and baseline data that can be used for biodiversity conservation and effective management of these fragile ecosystems.
Materials and methods

Study area
The present study was carried out in two forest divisions (Anantnag and Lidder) in seven temperate forest types of northwestern Himalaya, along an elevational gradient of 1,550e3,250 m of Anantnag District, Jammu and Kashmir, India ( Figure 1 and Table 1 ). The district constitutes the south-central part of Jammu and Kashmir State and is situated between 33 22ʹ and 34 27ʹ N latitudes, and 74 30ʹ and 75 35ʹ E longitudes. The district is surrounded by Pirpanjal range in the south and southeast and Zanskar range in the north and northeast and the elevational gradient of the area ranges from 1,500 m to 5,420 m. The highest peak in the area is Kolahoi (5,420 m). The type of vegetation varies along the elevational gradient. The lower valley harbors broad-leaved vegetation up to an altitude of 2,000 m. Coniferous natural forests occur between 2,000 and 2,800 m, beyond which there is high altitude broad-leaved Betula utilis forest mixed with Abies pindrow up to 3,250 m. Above 3,250 m elevation, the area is covered by alpine grassland vegetation. The soil types found in the region are of four orders: entisols, inceptisols, alfisols, and mollisols (Anonymous 1991) . The climate of the area is sub-humid temperate and is influenced by monsoon conditions. The year is divisible into four distinct seasons: spring (MarcheMay); summer (JuneeAugust); autumn (SeptembereNovember); and winter (Decembere February). This temperate region receives moderate to high snowfall from December to February. Annual precipitation from 2000 to 2012 in this area ranged from 844 mm to 1,213 mm and the mean monthly temperatures range from e8.3 C to 26 C (Figure 2) . July is the warmest month of the year, with temperatures rising to an average of 29.5 C; January is the coldest month, with temperature dropping to e8.3 C.
Field methods
Phytosociological analysis was carried out from March 2011 to October 2013. Seven forest types between 1,550 m and 3,250 m elevation were selected and named on the basis of their dominant tree species: Populus deltoides (PD); Juglans regia (JR); Cedrus deodara (CD); Pinus wallichiana (PW); mixed coniferous (MC); A. pindrow (AP); and B. utilis (BU). A total of 111 nested plots of 50 m Â 50 m size were laid at random in the seven forest types (Table 1; Figure 1 ) and each plot was further subdivided into 25 quadrats of 10 m Â 10 m to collect the quantitative data on the tree layer. In the same plots, 525 quadrats of 5 m Â 5 m (75 in each forest type) and the same number of 1 m Â 1 m quadrats were laid to study shrub and herbaceous layer respectively. All individuals ! 10 cm girth at breast height were considered as trees and enumerated. The collected specimens and photographs were identified at the Centre for Taxonomy, Department of Botany, University of Kashmir, Srinagar, India.
Data analysis
Species diversity indices such as Shannon, Simpson, Fisher's a and Evenness were calculated using the Past 3.1 program (version 3.1; Øyvind Hammer, Natural History Museum, University of Oslo). Importance value index (IVI) was sum of the values of relative frequency, relative density, and relative basal area (Curtis and McIntosh 1950) . The abundance to frequency (A/F) ratio for different species was determined by following Whitford (1949) and Gairola et al (2011a) . The ratio indicates regular (< 0.025), random (0.025e0.050), and contagious (> 0.050) distribution pattern. Species heterogeneity was calculated by following Whittaker (1972) . Regression analysis was used to study the relationship between elevation and species richness, and diversity indices. Regression analysis was used to study the relationship of elevation with species richness and evenness.
Results
Species richness and diversity
A total of 177 species (14 trees, 17 shrubs and 146 herbs including grasses) from 158 genera belonging to 66 families were recorded (Table 2) , of which 82.5% of the species belonged to the herbaceous community, while shrubs accounted for 9.6%, and trees for 7.9%. Species richness varied among the forest types, ranging from 24 species in PD forest to 96 species in AP forest with an average of 73 species per forest type for conifers and 33 species for broad-leaved forest types, with an overall mean of 58 species. Thirty-one species (18%) were common to all the forest types, while 75 species (42%) are uncommon; occurring at only one site not in others and 25 species (14%) were found in more than two forest types. The average number of species per stand in seven forests ranged from 20 to 36 (Table 2) and AP (39.98) for trees, shrubs, and herbs, respectively, and lowest values were in BU (0.35), PW (0.45), and PD (5.61). Species evenness index values ranged from 0.17 to 0.96 for trees, from 0.15 to 0.52 for shrubs, and from 0.06 to 0.42 for herbs and were highest in MC (0.96), BU (0.52), and PD (0.42) for trees, shrubs, and herbs, respectively. Species richness varied greatly across the forest types and was 2e7, 3e9, and 20e84 for trees, shrubs, and herbs, respectively.
Species area curves
The species area curves of understory vegetation for all the seven forest types reached an asymptote within 1,775 m 2 area (Figure 3 ). PD and JR forests reached an asymptote on 625 m 2 and 850 m 2 , whereas AP forest type reached an asymptote on 1,775 m 2 . /m 2 ) were found in PD and BU forests, respectively.
Population density
The population density of the enumerated 14 tree species varied considerably across the seven forest types. In PD forest type, P. deltoides was the most abundant species (94%, 1125 stems) in terms of density and IVI (Table 3) . Similarly, J. regia (82%, 181 stems), C. deodara (88%, 172 stems), P. wallichiana (97%, 193 stems), A. pindrow (90%, 178 stems), and B. utilis (95%, 98 stems) were dominant species in JR, CD, PW, AP, and BU forest types, respectively. In MC forest, A. pindrow (33.41%, 65 stems), P. wallichiana (21.89%, 43 stems), and Pinus wallichiana (44.7%, 88 stems) were dominant.
Viburnum grandiflorum was the most abundant shrub species in terms of both density and IVI in coniferous forests [PW (94%, 32 A total of five species belonging to five families were found to be endemic to Himalaya: Anaphalis royleana; Delphinium cashmerianum; Geum urbanum; Lespedeza elegans; and Sedum ewersii. Among them, four are herbs and one is a shrub. Acer caesium (vulnerable), Cypripedium cordigerum (rare), Dioscorea deltoidea (vulnerable), J. regia (near threatened), and Taxus wallichiana (endangered) are recognized as threatened species by the International Union for Conservation of Nature.
Size class distribution
Tree density decreased with increasing diameter class (Figure 4 ). In total, the highest density of 21.7% was contributed by 10.1e20 cm diameter class and lowest density of 0.3% was contributed by > 100.1 cm diameter class in all forest types. Tree density in the lower diameter class (3.1e10 cm) was greater in PD (27.1%), compared to all other forest types, while the higher diameter (! 100 cm) was greater in AP (1.8%) and MC (0.7%) forests. Among all the forest types, the first five diameter classes (3.1e 60 cm) contributed 86.3% of the density whereas the other five diameter classes (> 60.1 cm) contributed 13.7% of the density.
Family composition
The number of species in a family varied from 1 to 22 (Table 4) . Of the total 66 families, 31.81% (21) families were represented by single genus and species and 19.7% (13) families were represented by two species. Asteraceae (represented by 21 genera and 22 species, 12.4%) and Lamiaceae (represented by 10 genera and 13 species, 7.3%) were taxonomically the most speciose families. Seven families were common among all the seven forest types.
Species distribution pattern
Abundance to frequency ratio for the tree stratum indicated that 11.5%, 26.8%, and 61.7% of the species exhibited regular, random, and contagious distribution patterns, respectively (Table 5 ). In the shrub layer, all the species (100%) showed a contagious pattern, whereas, in the case of the herb layer, 0.7%, 10.2%, and 89.1% of the species showed regular, random, and contagious distribution patterns, respectively.
Species heterogeneity
In the tree layer, species heterogeneity ranged from 0.21 (PW) to 0.8 (MC; Table 2), in the shrub layer, it ranged from 0.32 (PW/AP) to 0.7 (CD), however in the herb layer it ranged from 0.63 (MC) to 0.9 (PD).
Discussion
There are large variations in species richness, basal area, and density in temperate forest ecosystems due to their varying climatic conditions, topography, and elevation gradients (Table 6) as well as forest types, lack of uniform plot dimensions, and standard girth or diameter class (Sundarapandian and Pascal 2013) . The species richness in seven temperate forests of Western Kashmir Himalaya ranged between 24 and 96 (2e7 trees, 3e9 shrubs, and 20e84 herbs), which is well within the range (19e105 species in 70 plots of 0.03 ha each) reported in alpine forests of Hengduan Mountains, northwest Yunnan, China (Sherman et al 2008) . Species richness reported in the present study are higher than the results reported (66 species: trees, 12; shrubs, 19; and herbs, 34) from nearby temperate forests of Garhwal Himalaya of Uttarakhand (Gairola et al 2011b) , in temperate forests of Shimla (55 species: 6 trees, 14 shrubs, and 35 herbs in 36 plots of 0.1 ha each), Himachal Pradesh (Singh and Gupta 2009) . The species richness value of the present study is lower than the temperate forests in Arunachal Pradesh (128 species: 41 trees, 22 shrubs, and 65 herbs in 60 plots of 0.01 ha each; Rana and Gairola 2009), in Kedernath Wildlife Sanctuary (116 species: 16 trees, 35 shrubs and 65 herbs in 60 plots of 0.01 ha each), Central Himalaya (Semwal et al 2010) and western Himalayan (122 species in 180 stands of 30 m Â 30 m each) moist temperate forests in Kashmir, Pakistan (Shaheen et al 2012) . Greater species richness was observed in mid-elevation (2,300e 2,800 m) coniferous forest types compared to low elevation broad- leaved forests and high elevation broad-leaved forest. This may be due to the fact that mid-elevation ranges are less disturbed than the low elevation ranges. Low elevation broad-leaved forests are managed plantations; where shrub community is completely absent. This could also be one of the reasons for low species richness in managed plantations. Occasional removal of understory vegetation in these plantations could be another reason for low diversity. Highly variable climatic conditions across these forest types also have a strong influence on vegetation patterns. Tree density and grazing intensity alter the understory community, which causes lower species richness values of ground flora at low elevation than at mid-and high-elevation forests. The increase in species richness in mid-altitude may be due to lower density and basal area (Mandal and Joshi 2014) . Zhang and Mi (2007) also reported the increasing trend in species richness with increasing altitude between 2,100 m and 3,050 m in northern China and stated that this trend may have been the result of differences in grazing intensity. Nogues-Bravo et al (2008) reported that areas at higher altitudes are more likely to be a refuge for large numbers of species, because human activities decrease with increased altitude. Although altitude is the main factor in controlling the species distribution, some cofactors such as topography, aspect, slope, and exposure can also alter the structure and species composition (Shanks and Norris 1950) . A gradual monotonic decrease in species richness with increasing altitude is considered as a general pattern (Francis and Currie 1998) . However, species richness does not show this pattern in our study. It showed a hump-shaped pattern with altitude (c.f. Figure 5 ), which is consistent with overall interpolated species richness patterns in Himalayas (Bhattarai et al 2004;  (Grytnes and Vetaas 2002) . However, species richness can also be influenced by the microclimate of the area with variations in edaphic factors (Ferrer-Castan and Vetaas 2003) .
The diversity values recorded in the present study are lower than the reported range of 1.16e3.40 for Himalayas (Kunwar and Sharma 2004; Shah et al 2009; Shaheen et al 2012) . A positive correlation was observed between species richness and elevation (R 2 ¼ 0.37) and evenness of trees with altitude (R 2 ¼ 0.19; Figure 5 ).
Tree density recorded in the coniferous forests are higher than the value (90/ha in 180 stands of 30 m Â 30 m each) reported in western moist temperate forests of Kashmir Himalaya, Pakistan by Shaheen et al (2012) and lower than the values (540/ha) reported from Nainital, Indian Himalayas by Saxena and Singh (1982) , in moist temperate forests of Garhwal Himalayas (493e1,180 stems/ ha), Uttarakhand by Gairola et al (2011a) , in Kumaun Himalayas (420e680 stems/ha) by Singh et al (1994) , and in Pauri Garhwal Himalayas (220e640 stems/ha) by Sharma et al (2001) . The lower density in coniferous forests of the present study may be due to illegal cutting of trees by the local communities. The harsh environmental condition (snowfall) lead to falling of trees. In high elevation (BU forest), these extreme climatic conditions might have reduced the tree density. Coniferous forests are old growth forests with large-sized mature trees, which may also be the reason for low density. The higher tree density in PD forest may be because these are managed plantations and prevalence of young trees, which are smaller in size.
The averaged basal area for all the forest types i. (Baduni and Sharma 1996) , in the A. pindrow forest in moist temperate forests of Garhwal Himalayas (Gairola et al 2011a) and in temperate forests of Garhwal (15e60 m 2 /ha, Bhandari et al 1997) . However, the results obtained are higher than the results reported by Ghildiyal et al (1998, 24e 29 m 2 /ha) in oak forests in Garhwal Himalaya and Baduni and Sharma (1999, 18.45e38 .25 m 2 /ha) in Quercus floribunda forest of Garhwal Himalaya. The lower basal area of the study area may be due to lesser density of trees in coniferous forests (CD, PW, MC, and AP) and BU forest. Similarly, low basal area in PD and JR forests could be attributed to very young and dense plantations.
In temperate forests of Kashmir Himalaya, six prominent species, including P. deltoides, J. regia, C. deodara, P. wallichiana, A. pindrow, and B. utilis contribute largely to the total density (84%) and IVI of the trees in respective forest types. The high Simpson index value in the studied temperate forest when compared to several other temperate and tropical forest types, could be attributed as monospecific forest.
Diameter class-wise distribution is one of the important aspects of forest structural heterogeneity, dynamics and functioning of many forest ecosystems (Lutz et al 2013) . All the forest types showed greater density in mid-diameter class (30.1e80 cm), except PD forest type. The diameter class distribution of the present study (2013) asl ¼ above sea level; H ¼ herbs; NA ¼ not available; S ¼ shrubs; T ¼ trees. Figure 5 . Relationship between species evenness (A) and richness (B) with elevation in seven temperate forest types of Kashmir Himalaya, India.
indicates that these forests are mature forests except PD forest type, which has > 90% of the trees from lower diameter class (3.1e30 cm diameter at breast height). Asteraceae, Lamiaceae, Ranunculaceae, Rosaceae, Poaceae, Caryophyllaceae, and Fabaceae were the more speciose families in temperate forests of Kashmir Himalaya. Similarly, Asteraceae and Lamiaceae have been reported as dominant families in temperate forests of India and elsewhere (Gairola et al 2010; Saima et al 2010; Khan et al 2012; . Shaheen et al (2011a) also reported that Asteraceae (19%), Poaceae (13%), Ranunculaceae (11%), Rosaceae (8%), and Saxifragaceae (8%) were dominant families in western Himalayas, northern Pakistan. Dar et al (2012) found that the Asteraceae (260 species), Poaceae (160 species), Brassicaceae (115 species), Rosaceae (98 species), and Lamiaceae (88 species) were the first five large families of the total flora of Kashmir. Hooker (1906) stated Orchidaceae, Fabaceae, Poaceae, Rubiaceae, Euphorbiaceae, Acanthaceae, Asteraceae, Cyperaceae, Lamiaceae, and Utricaceae as the diverse families of India. It is clear that across various temperate forests, a great similarity is evident at the family level.
Most of the species in all the three vegetation strata (trees, herbs, and shrubs) showed a contagious distribution pattern. Several workers have also reported the contagious distribution pattern as a common phenomenon in temperate forests (Kershaw 1973; Gairola et al 2011b) . Odum (1971) reported that contagious distribution pattern is the most common pattern in nature. Variation in distribution pattern across the vegetation layers seems to be associated with a large number of factors, especially the microenvironment and biotic nature (Joshi and Tiwari 1990) .
Tree and shrub layers showed a homogenous pattern, while the herb layer was heterogeneous. This is because each forest type is dominated by different species of herbs. A similar observation was reported by several other workers in central Himalayan forests (Saxena and Singh 1982; Kumar et al 2004; Gairola et al 2011b) .
The present study reveals that the temperate forests in Western Himalaya contain more species richness in mid-elevation coniferous forests than that of broad-leaved forests at both higher and lower elevations. The variation in species composition and richness may be due to the age structure of forest types, level of anthropogenic pressure, and difference in climatic conditions.
